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There is great interest in the therapeutic use of liposomes as 
carriers for a very wide range of active ingredients. Accordingly, 
liposomes have been proposed as carriers for proteins, e.g. antibodies 
or enzymes, hormones, vitamins or genes or, for analytical purposes, 
as carriers for marker compounds •For example, US patent 3 933 754 
describes a chemotherapeutic process for treating tuno»?r cells, 
wherein liposomes are used as drug carriers. 

In the process of this invention it is possible to prepare, in simple 
manner and without using complicated apparatus, aqueous phases which 
contain small unilamellar liposomes (SUL) with a diameter of aoouc 200 
t 600 X, and large unilamellar liposomes (LUL) with a diameter of 
about 600 to 3000 A, Sioall unilamellar liposomes can be separated from 
large unilamellar liposomes by means of suitable separating methods, 
• g. by gel filtration or in an ultrafiltration ccl' 

Claim 

1. A process tor th* prestation of uAilmuellar liposome* in aqueous 
phase, which comprises dispersing a homogeneous" mixture of an anionic 
surfactant and a lipid, in aqueous phase, at a concentration lower than 
the critical micelle concentration (cmc) of the surfactant in the 
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particular phase and f if necessary, neutralising the aqueous phase 
obtained and, if desired, enriching and/or separating the resultant 
unilamellar liposomes. 

2, A process according to claim 1, which comprises dispersing a 
homogeneous mixture of an anionic or cationic surfactant. 
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Lipids and Ccnsids 



in aqueous phase 



The present invention relates to a process for the preparation of 
unilamellar liposomes in aqueous phase. 

Liposomes have been described in the literature in a wide range of 
publications, and many investigations are concerned with their struc- 
ture and use. A distinction is made between unilamellar liposomes 
having a double layer of lipids and multilamellar liposome? having 
a number of double layers of lipids of onion-like structure. 

Unilamellar liposomeris have a spherical shell and a diameter of about 
200 co 50,000 X, preferably of about 200 to 30,000 I. The spherical 
shell consists of a double layer of the lipid components, e.g. 
arephiphatic lipids such as phospholipids, e.g. phosphatide acid, 
lecithin or cephalin, with or without neutral lipids, e.g. cholesterol. 
This double layer surrounds a cavity which contains an aqueous phase. 

There is great interest in the therapeutic use of liposomes as 
carriers for a very wide range of active ingredients. Accordingly, 
liposomes have been proposed as carriers for proteins, e.g. antibodies 
or enzymes, hormones, vitamins or genes or, for analytical purposes, 
as carriers for marker compounds. For example, US patent 3 933 754 
describes a chemotherapeutic process for treating tumour cells, 
wherein liposomes are used as drug carriers. 

The drug is encapsulated either during the formation of the liposomes 
or subsequently by diffusion. The preparation of liposomes and the 
encapsulation of the drug can be elfected by different methods, a 
survey of which may be found in the article "Liposomes - Problems 
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and promise as selective drug carriers" by Stanley B. Kaye, Cancer 
Treatment Reviews (1981), 8, pp. 27-50. Further methods of preparing 
liposomes for encapsulating drugs are also described by Barenholz et 
al. in Biochemistry, Vol. 16, No. 12, 2806-2810, and also in German 
Offenlegungsschrift specifications 28 19 855, 29 02 672, 25 32 317 
and 28 42 608, in US patent A 053 585, and in European patent 
application 36 676. 

In the prior art methods, the lipid components, e.g. phospholipids 
such as phosphatide acid, lecithin or cephalin, with or without 
neutral lipids, e.g. cholesterol, are dissolved in an organic 
solvent, e.g. chloroform or benzene. After stripping off the solvent, 
there remains a homogeneous layer, e.g. a film, of the particular 
lipid components. The lipid components are subsequently dispersed in 
an aqueous phase which contains the appropriate drug, e.g. by shaking. 
Unilamellar liposomes which encapsulate the drug are formed in 
the course of the subsequent treatment with ultrasonic irradiation. 

In the process of this invention it is possible to prepare, in simple 
manner and without using complicated apparatus, aqueous phases which 
contain small unilamellar liposomes (SUL) with a diameter of about 20O 
to 600 I, and large unilamellar liposomes (LUL) with a diameter of 
about 600 to 3000 A. Small unilamellar liposomes can be separated from 
large unilamellar liposomes by means of suitable separating methods, 
e.g. by gel filtration or in an ultrafiltration. cell . 

The present invention relates to a process for the preparation of 
unilamellar liposomes, which comprises dispersing a homogeneous 
mixture of „ ionic surfactant and a lipid, in aqueous phase, at a 
concentration lower than the critical micelle concentration (cmc) 
of the surfactant in the particular phase and, if necessary, 
neutralising the aqueous phase so obtained and. if desired, enriching 
and/or separating the resultant unilamellar liposomes. 
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Throughout this specification, the general terms employed preferably 
have the meanings set forth below. 

The term "lower" used to qualify organic radicals, e.g. lower alkyl, 
lover alkylene, lower alkoxy, lower alkanoyl etc., denotes that such 
radicals, unless otherwise expressly defined, contain from 1 to 7, 
preferably 1 to 4, carbon atoms. 

The preparation of the homogeneous mixture of an ionic surfactant and 
a lipid is effected in a manner which is known per se and is des- 
cribed in the section entitled "Preparation of the homogeneous layer 
of the lipid components 

An ionic surfactant will be understood as meaning a cationic or 
anionic surfactant. 

A cationic surfactant is e.g. a compound of the formula 

R 



a 



Y G <IA), 



wherein R & is an unsubstituted or substituted hydrocarbon radical, R fe 
is lower alkyl, phenyl-lower alkyl or hydroxy, R c and R d are lower 
alkyl, or R fc and R c> together with the nitrogen atom to which they 
are attached, form an aliphatic heterocyclic ring system which may 
be substituted at a carbon atom, and R d is lower alkyl, or R^, R c 
and R d , together with the nitrogen atom to which they are attached, 
frrm an aromatic heterocyclic ring system, and Y® is an anion. 

In a cationic surfactant f the formula (IA), an unsubstituted or 

substituted aliphatic hydrocarbon radical R is for example low^r 

a 

alkyl substituted by aryloxy- lower alkoxy, or is straight chain or 



branched alkyl containing 7 to 22, preferably 12 to 20, carbon atoms, 
or alkenyl containing 8 to 20, preferably 12 to 20, carbon atoms and 
1 to A double bonds, 

Aryl in ar lyoxy-lower alkoxy is for example phenyl which may be 
mono- or disubstituted- by straight chain Cj-C^alkyl, e.g. methyl, 
ethyl or n-propyl, or by branched Cj-C alkyl, e.g. isobutyl, tert- 
butyl, amyl, neopentyl, 2- or 3-methylpentyl, 2,2- or 2 ^-dimethyl- 
butyl,^- or 3-methylhe-yl, 3-ethylpentyl, 2,2-, 2,3-, 2,4- or 3,3- 
dimethylpentyl, 4-methylheptyl , 2,2,2-, 2,2,4-, 2,3,3- or 2,3, 4- 
trimethylpentyl, 1,1, 3, 3-tetramethylbutyl or 2,2,3,3-tetramethylbutyl . 

Lower alkoxy in aryloxy-lower alkoxy is foi example methoxy, ethoxy, 
n-propoxy or n-butoxy. 

R as lower alkyl substituted by aryloxy-lower alkoxy is for example 
a 

aryloxy-lower alkoxymethyl or 2-aryloxy- lower alkoxyethyl, e.g. aryl- 
oxy-methoxymethyl, 2-aryloxymethoxyethyl, 2-aryloxyethqxymethyl or 
2-(2-aryloxyethoxy)ethyl, e.g. phenoxyme t ho xymethyl, 2-phenoxymethoxy- 
ethyl, 2-phenoxyethoxymethyl, 2- (2-phenoxyethoxy)ethyl , 2-, 3- or 
4-methylphenoxymethyl, 2-(2-methylphenoxymethoxy)ethyl , 2-(3-methyl- 
phe no xymethoxy) ethyl, 2-(4-methylphenoxymethoxy)ethyl, 2-(2-methyl- 
phenoxy)ethoxymethyl, 2-(3-methylphenoxy)ethoxymethyl f 2-(4-methyl- 
phenoxy)ethoxymethyl, 2-[ 2-(2-methylphenoxy)ethoxy]ethyl, 2-[2-(3- 
methylphenoxy) ethoxy] ethyl, 2-[2-(4-methylphenoxy)ethoxy]ethyl, 
4-(l , 1,3, 3-tetramethylbutyl) phenoxymethoxymethyl , 2-[ 4~( 1 ,1,3, 3-tetra- 
me thy lbut y 1) phenoxyme thoxy ] e thy 1 , 2- [ 4- ( 1 , 1 , 3 , 3-te trame thy lbuty 1) - 
phenoxy]ethoxymethyl, 2-t2-(4-(l,l,3,3-tetramethylbutyl)phenoxy)- 
ethoxy] ethyl, 2-me thy l-4-(l,l, 3 f 3-tetramethylbutyl) phenoxyme thoxy- 
ethy 1 , 2- [ 2-methy 1-4- (1,1,3, 3-te trame thy lbutyl) phenoxyme taoxy] ethyl , 
2-[ 3-me thy 1-4- (l f 1,3, 3-te trame thy lbuty 1) phenoxyme thoxy ]e thy 1, 
2-[2-(2-methyl-4-(l,l,3,3-tetramethylbutyl)phenoxy)]ethoxyrnethyl, 
2-[2-(3-raethyl-4-(l,l,3,3-tetramethylbutyl)phenoxy]ethoxymethyl, 
2-[ 2- (2-methy l-4-(l,l, 3, 3-tetramethylbutyl)-phenoxy) ethoxy ]e thy 1 or 
2-[2-(3-methyl-4-(l,l,3,3-tetramethylbutyl)phenoxy)ethoxy]iithyl , 
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R a as lower alkyl substituted by aryloxy-lower alkoxy is preferably 
2-[2-(2-methyl-A-(l > l > 3 > 3-tetramethylbutyl)phenoxy)ethoxy]ethyl and 
2-[2-(3-methyl-4-(l, l,3,3-tetramethylbutyl)phenoxy)ethoxy]ethyl. 

R & as straight chain or branched alkyl of 7 to 22, preferably 12 

to 20, carbon atoms, is for example n-heptyl, 2-methylhexyl, 3-methyl- 

hexyl, 3-ethylpentyl, 2,2-, 2,3-, 2,4- or 3,3-dimethylpentyl, 

n-octyl, 4-methylheptyl, 2,2,3-, 2,2,4-, 2,3,3-, 2,3,4-trimethylpentyl, 

n-nonyl, n-decyl, n-undecyl, n-dodecyl (lauryl), n-tridecyl, 

n-tetradecyl (myristyl), n-pentadecyl, n-hsxadecyl (cetyl), n-hepta- 

decyl, n-octadeyl (stearyl), n-nonadecyl or n-eicosyl (arachinyl). 

Straight chain alkyl containing an even number of 12 to 20 carbon 
atoms is preferred, e.g. n-dodecyl (lauryl, n-tetradecyl (myristyl), 
n-hexadecyl (cetyl), n-octadecyl (stearyl) or n-eicosyl (arachinyl). 

R & as alkenyl containing 8 to 20, preferably 12 to 20, carbon atoms 
and 1 to 4 double bonds is for example octen-l-yl, nonen-l-yl, 
decen-l-yl, ur.decen-l-yl, dodecen-l-yl, 9-cis-dodecenyl (lauroleyl), 
tridecen-l-yl, tetradecen-l-yl , 9-cis-tetradecenyl (myristoleyl) , 
pentadecen-l-yl , hexadecen-l-yl , 9-cis-hexadecenyl (palmitoleinyl) , 
heptadecen-l-yl, octadecen-l-yl , 6-cis-octadecenyl (petroselinyl) , 
6-trans-octadecenyl (petroselaidinyl) , 9-cis-octadecenyl (oleyl), 
9-trans-octadecenyl (elaidinyl), 9-cis-12-trans-octadecadienyl 
(linoleyl), 9-cis-ll-trans-13-trans-octadecatrieny 1 (a-eleo- 
stearinyl) , 9-cis-ll-trans-13-trans-octadecatrienyl (0-eleostearinyl) , 
9-cis-12-cis-15-cis-octadecatrienyl (linolenyl) , 9-, 11-, 13-, 
15-octadecatetraenyl (parinaryl) , nonadecen-l-yl, eicosen-l-yl, 
9-cis-eicosenyl (gadoleir.yl) , 5-, 11-, 14-eicosatrienyl or 5-, 8-, 
11-, 14-eicosatetraenyl (arachidony 1) . 
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Alkenyl containing 12 to 20 carbon atoms and one double bond is 
preferred, e.g. 9-cis-dodecenyl (lauroleyl) , 9-cis-tetradecenyl 
(myristoleyl) , 9-cis-hexadecenyl (palmitoleinyl) , 6-cis-octacecenyl 
(petroselinyl) , 6-trans-octadecenyl (petroselaidinyl) , 9~cis- 
octadecenyl (oleyl) , 9-trans-octadecenyl (elaidinyl) or 9-cis- 
eicosenyl (gadoleinyl) • 

R^» R c or as lower alkyl is for example methyl or ethyl, as 
phenyl-lower alkyl is for example benzyl or 2-phenylethyl . 

An aliphatic heterocyclic ring system formed by and R^ together 
with the nitrogen atom to which they are attached is for example a 
monocyclic 5- or 6-membered azacyclyl, oxaazacyclyl or thiazacyclyl 
radical, e.g. piporidino, morpholino or thiamorpholino . Subscituents 

of this heteroring are the substituents R and R, at the nitrogen 

• a . .. - ■ a ■ 

and lower alkyl, e.g. methyl, ethyl, n-propyl or n-butyl, at a 
carbon atom. 

A heterocyclic ring system formed by R fe and R^ together with the 
nitrogen atom and substituted at a carbon atom by lower alkyl is e.g. 
2-, 3- or 4-methylpiperidinio, 2-, 3- or 4-ethylpiperidinio or 2- 
or 3-methylmorpholinio. 

An aromatic heterocyclic ring system formed by R c and R d together 
with the nitrogen atom is e.g. a monocyclic 5- or 6-membered azacyclyl, 
diazacyclyl, oxaazacyclyl or thiazacyclyl radical, e.g. pyridinio, 
imidazolinio, oxazolinio or thiazolinio, or for example a monoaza- 
bicyclyl radical which is fused to a benzene ring, e.g. qvinolinio or 
iosquinolinr.o. Substituents of this hetero-ring are the radical R 

a 

at the nitrogen and lower alkyl at ^ carbon atom, e.g. methyl or 
ethyl, hydroxy-lower alkyl, e.g. hydroxymethyl or 2-hydroxyethyl, 
oxo, hydroxy or halogen, e.g. chlorine or bromine. 
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A heterocyclic ring system formed by R^, R c and and substituted a«: 
a carbon atom by the above mentioned radicals is for example 2- or 
4- lower alky lpyr idinio , e.g. 2- or 4-rae thy lpyr idinio or 2- or 
4-ethylpyridinio, di-lower alkylpyridinio, e.g. 2 ,6-dinethylpyridinio, 
2-methyl-3-ethylpyridinio, 2-me thy 1-4-ethylpyr idinio, 2-methyl-5- 
ethylpyridinio or 2-me thyl-6-e thy lpyr idinio , 2-, 3- or 4-halopyr idinio 
e.g. 2-, 3- or 4-chl oropyr idinio or 2, 3- or 4-bromopyr idinio , 2-lower 
alkylimidazolinio, 2-iower alkyloxazolinio or 2-lower alkyl thiazolinio 
e.g. 2-methylimidazolinio or 2-ethyliraidazolinio, 2-ethyl~ or 
2-me thy loxazolinio, 2-methyl- or 2-ethy Ithiazolinio or 2-lower alkyl-8 
haloquinolinio, e.g. 2-methy] -8-chloroquinolinio . 

An anion ^ is for example a halide ion, e.g. the fluoride, chloride 
or bromide ion, a lower alkanoate, e.g. the* formate or acetate ion, 
the hydrogen sulfate ion, a lower alky Isulf ate ion, e.g. the methyl 
or ethyl sulfate ion, a lower alkylsulf onate ion, e.g. the methyl 
sulfonate ion, or an arylsulfonate ion, e.g. the phenyl sulfonate 
ion or the toluene sulfonate ion. An anion is preferably a halide 
ion, e.g. the chloride or bromide ion, 

A uationic surfactant of the formula IA is preferably N-benzyl N,N- 
dimethyl-N-2-[2-(4-(l, 1,3, 3-tetrame thy lbutyl)phenoxy)ethoxy] ethyl- 
ammonium chloride, N-benzyl N,N-dimethyl-N-2-[2-(3-methyl-4-(l,l,3,3- 
tetramethylbutyl)phenoxy)ethoxy]ethylammonium chloride (methyl- 
benzethonium chloride) , n-dodecyltrimethylanmonium chloride or bromide 
trimethyl n-tetradecylammonium chloride or bromide, n-hexadecyl- 
trimeth/lammonium chloride or bromide (cetyltrimethylammonium chloride 
or bromide), trimethyl n-octadecylammonium chloride or bromide, ethyl 
n-dodecyldimethylannnonium chloride or bromide, ethyldimethyl n-tetra- 
decylammonium chloride or bromide, ethyl n -hexadecyldimethylammonium 
chloride or broiaide, ethyldimethyl n-octadecylammonium chloride or 
bromide, n-^alkyl berizyldimethylainnorium chloride or bromide (benz- 
alkonium chloride cr bromide), e.g. benzyl n-dodecyldimethy lammonium 
chloride or bromide, benzyl n-hexadecyldimethylammoniura chloride or 



bromide or benzyidimethyl n-octadecyl ammonium chloride or bromide, 
N-Cn-decyDpyridinium chloride r bromide, N-(n-dodecyl) P yridinium 
chloride or bromide, N-(n-t e tradecyl)pyridinium chloride or bromide, 
N-(n-hexadecyl)pyridinium chloride or bromide Ccetyl P yridinium 
chloride or bromide), or N-(n-octadecyl) P yridinium chloride or bromide 
or a mixture of these surfactants. 

An anionic surfactant is for example 
a) a compound of the formula 



[R -CO-A) -B]^ 0 

tt ID 



(IB) 



wherein R a i: an unsubstituted or substituted hydrocarbon radical, A 
xs lower allcylene, m is 0 (direct bond) or 1. B is the sulfonate or 
sulfate group and 2^ is a monovalent cation, cr 

b) a compound of the formula 



R 3 (0) 



R r CH 2~^~ CH 2~ 0 ~ p - OR 4 ^ (r.cy. 



vherexn .1.0., 1, one of ^ and R 2 i. hydrogen, hydroxy „ ^ 
C^alkyl. and the other is alkyl, alkenyl. alkoxy. alkenyUxy or 
acyloxy. each of 10 to 20 carbon ato n . f ^ i. hydrogen „ 
C^alkyl, and R 4 is unsubstituted or gibitituted lower C,-C alkyl 
a carbohydrate radica! of 5 to 12 carbon atoas or, if both R. and r' 
are hydrogen or hydroxy, is a steroid radical, and Z© i. a Jnov.ient 
cation, or 



c) a compound of the formula 
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R 0 

I II Q 

R A - CH., - C - CH - C - P - OH Z (ID), 

* ' '0 

R» 0 



wherein R^ , R^» R^ and are as defined for formula (IC). 

In an anionic surfactant of the formula (IB), the unsubst ituted or 
substituted hydrocarbon radical is as defined for formula (IA) and 
is preferably straight chain or branched aikyi containing 7 to 22, 
preferably 12 to 20, carbon af.oirs, and alkenyl containing 6 to 20, 
preferably 12 to 20, carbon atoms and 1 to 4 double bonds. 

In an anionic surfactant of the formula (IB), R is preferably straight 

a' 

chain alkyl containing in even number of 12 to 20 carbon atoms, for 
example n-dodecyl (lauryl), n-tetradecyl (rayristyi), n-hexadecyl 
(cetyl) , n-octadecyl (scearyl) or n-eicosyl (arachinyl) , or is alkenyl 
containing 12 to 20 carbon atoms and one double bond, for example 
9-cis-d ,decenyl (lauroleyl), 9-cis-tetradecenyl (myristoleyl) , 
9-cis-nexadecenyl (palmitoleinyl) , 6-cis-octadecenyl (petroseliayl) 9 
6-trans-octadecenyl (fetroselaidiayl) f 9-cis-octadecenyl (oleyl), 
9-trans-octadecenyl (elaidinyl) or 9-cin-eicosenyl (gadoleinyl) . 

A as lower alkylene is for example uethylene, ethylene, n-propylene 
or n-butylene. 

Q 

The cation Z is an alkali metal cation, e.g. the iiLhium, sodium or 
potassium cation, or is a tetra-lower alkylammonium cation, e.g. 
tetrame thy 1 ammonium. 



An anionic surfactant of the formula IB is preferably an alkali metal 
alkyl sulfate (m « 0) , e.g. sodium or potassium n-dodecyi (iauryi) 
sulfate, sodium or potasrium n-tetradecyl (royristyi) sulfate, sodium 
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or p„ t . lssium a^.xad.cvl <c«y» or S odlun or „ t „ tim 

rT cyl <5tnaryi> * uuat *' an aikiii — 

or po t ass, u „ „- tetradecyloxyethyl sul£ato> sod . um ^ . 

n- **a d ec yl „xye tl , yl sulfatc „ o . potassium n . occad<s 

" 7' " - alkali e... .Ciu« 

- oae_ , ulf ■ sodiun or potass£ura n . cetradecanc 

n-octadecane sulfonate. 

in a • ic wtacttM o( fornuU r or ^ ^ 

n-rerradecy! C„yr istyl >, „- P e, t . d e, yI . „- hoxada y ' 

n-octa^cvl (stearyl) and „- e ic„ S y t Carachinyl) . >U ' 

«, .r as aueny! £s Wrar.My 9 . cU _ dodecenyl „.,;„, 
e ^e,, %rilMleyl)i ^ rtisslK{n;i (palmttoUinyl) 6 . ci . 

" eC T '—adec^L (parroseuL yI >. 

""' SCWtK "" < ° 1 " i >- S-'rans-octaoecenyl CUidUyD or 9 -c s - 
ejcosenjrl (sadolelnyi) . 9 

■4 or R 2 as a l koxy U preferably „-decyloxy. »-dod, cyloxy (lMryle ^, 

- e ra.,y 0 ( „ yrl6Cyloxy) , ^ ^ ^ _ • 

oxy (stcaryloxy) or n-eicosyloxy (ar.chlnyloxy) . 

9 R -cII- t e 2 t"V lken r° X! ' " ^'^"^ OauroUv.oxy, . 

9 c» tetr a dace„ yl „x y CyristoUylo.y, . ,-cta-^xa.eceny^xy 

p a .»Uo l elny 1 oxy). 6 - cU -o cta , ecenylo::y (petrose:j / 

c ^cnyxoxy Cpe t ro«u idin y loxy) . 9 - ci .-oc tad ec enylo x y o leyl , 

- a„ 6 - octadecenyloxy (eUUi „ yloi(y) oi ,. cU . eicoaenyi ado ' 
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Hj or as acyloxy is e.g. allcpnoyloxy or aikenov lo> y . 

or as alknnoy Icvcy 'is preferably n-dccanoyloxy , n* rln.loronoy 1 ovy 
( lauroylox> ) , n-tc tradecenoyloxy (myr istoylrxy) p n-hexadccanoy loxy 
(paluit oyloxy^ 9 u-oc tadocanoy loxy (stearoy loxy) or n-eicosoy Loxy 
(arachinoyloxy ) . 

Rj or R2 as alkenoyloxy is preferably 9-cis-dodecenyloxy (lauroleoyl- 
oxy) , 9-cis-tetradecenoyloxy (myr istoleoy ioxy) p 9-cis-hexadeceuoy loxy 
(palmitoleinoy loxy) „ 6-c is-octadecenoy 1 oxy (pe t rose 1 i no y loxy) p 6-trans- 
octadecer-oy loxy (petroselaidinoy loxy) 9 9-cis-ectadecenoy loxy 
(oleoyloxy) 5 9-t rans-octadecenoy loxy (elaidinoyloxy) or 9-cio-e 1 " cosenoyl 
(gadol einoy loxy) • 

as lower C^-C^alkyl is 0,3. me chyl, ethyl p iscpropy 1 9 n-propyl, 
irobutyl or n-butyl, and may He sul scituted by acidic groups, e e g. 
carboxyl or £ulfo p by acidic and bas ic. groups 0 e<,g* carboxyl and amino, 
in vmich case the amino group is in the u-position relative to the 
carboxyl group, by tree or etherified hydroxy 1 groups , v.vu-e two 
etherified hydroxyl groups may be linked to each other -trough a 
divalent hydrocarbon radical, e.g. by methylene,, ethylene, e rhyl ider.e , 
l ; 2-propylene or 2 0 2-propy lene „ by halogen,, e.g. chlorine or bromiiie 0 
by lowt r alkoxycarbonyl 9 e.g. mechoxycarbonyl or ethoxycarbony 1 „ 
or by lower alkanesulf onyl„ e.g. methanesulf ony t . 

R^ as substituted C^-C^alUyl is preferably carboxy lower alkyl, .g. 
carboxyraethylp 2-carboxye thyl or 3-carboxy-n-propy 1 , -amino- uj - 
carboxy-lower alkyl, e.g. 2-amino-2-carboxyethy 1 or 3-amino-3- 
carboxy-n-propyl , b/droxy-lower alkyl, e.^. 2-hydroxye thy 1 or 2,3- 
dihydroxypropy 1 t lower alkoxy-lower alkyl, e.g. methoxy,' 
methyl or e thoxymethy I e 2-metnoxye thy I or 3-methoxy-r.-propy L , lowei 
alky lenedioxy-lower alkyl 0 e.g. 2 9 3 -i» t hy h.ru'd u ; xyproi> v 1 or 2,3-(2,2- 
propyl<*nc)dioxypropy 1 9 or halo-lower alkyl, ch I u r«> t hv 1 or 

brow. methy 1 . 2-r h lo ron thy I or 2-bmuujif 1: h y 1 , - or 3 ■ -i> 1 u 10 -u -p 1 ■< .py ! 
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or 2- or 1-bromo-n-propy 1 . 

R as a carbohydrate radical of 5 to 12 carbon atoms is e.g. a 
natural monosaccharide rr.dical which is derived from a pentose or 
hexose in ^he form of an aldose or a ketose. 

A pentose i*- the form of an aldose is e.g. D-ribose, D-arabinoje 9 
D-xvlose or D-lyxose. A pentose in the 'form of a ketose is e.g. 
D-ribulosc or D-xylulose. A hexose in the form of an aldose is e.g. 
D-allose, D-altrose, D-glucose, D-mannose , D-gaiactose or D-talose. 
A hexose in the form of a ketose is e.g. D-psicose, D-frurtose, 
D-sorbosc or D-tagatosc. 

A hexose is preferably in cyclic forta, e.£. in the form ot a pyranose 
'aldose), e.g. a- or g-D-glucopyranose , or a furanose, e.g. a- 
oi £-D-fructose . The pyranosyi radical is preferably esterified 
wit.h LV.e phosphatidyl group through the hydroxy group in the 1- or 
6-position t and the furanosyl radical is esterified with the 
phosphatidyl group through the hydroxyl group in the 1- or 5-position 
(m - 1) . 

A carbohydrate radical R4 of 5 to 12 carbon atoms is also a natural 
disaccharide radical » e.g. a disaccharide radical which is formed 
from two hexoses by condensation of two aldoses, e.g. D-glucose or 
D-galactoSi^, or of an aldose, e.g. D-glucose, with a ketose, e.g 
fructose. 

Disaccharides formed from two aldoses, e.g. lactose or maltose, 
are preferably esterified with the phosphatidyl group through the 
hydroxyl group which is in the 6-position of the particular 
pyranosyi radical. Disaccharides formed from an aldose and a ketose, 
e.g. saccharose, are preferably esterified with the phosphatidyl group 
through the hydroxyl group which is in the G-position of the pyranosyi 
radical or in the 1-position of. the furanosyl radical (m - 1). 
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A carbohydrate radical of 5 to 12 carbon atoms is further a 
derived mono- or disaccharide radical, wherein e.g. the aldehyde 
group and/or one or two terminal hydroxyl groups are oxidised to 
carbpxyl firoups, and is e.g. a D-gluconic, D-glucaric or D-glucoronic 
acid radical which is preferably in the form of a cyclic lactone 
radical. Likewise, the aldehyde or keto group of a derived mono- 
or disaccharide radical can be reduced to hydroxyl groups, e.g. 
unositol, sorbitol or D-mannitol, or hydroxyl groups can be replaced 
by hydrogen, e.g. desoxy sugar, e.g. 2-desoxy-D-ribose, L-rhamnose 
or L-fucose, or by amino groups, e.g. amino sugar, e.g. D-glucosamine 
or D-galactosamine . 

A carbohydrate radical R^ can also be a fission product formed by 
reaccing one of the mono- or disaccharides mentioned above with a 
strong oxidising agent, e.g. periodic acid. 

A steroid radical R 4 is e.g. a sterol radical which is escerified 
with the phosphatidyl group through the hydroxyl group which is in the 
3-position of the steroid skeleton (m - 1) . 

A sterol radical is e.g. lanosterol, sitosterol, coprostanol, 
cholestanol, glycocholic acid, ergosterol or stigmasterol, but is 
preferably cholesterol. 

If R A is a steroid radical, R t and R £ are prefercbly hydroxyl and 
R.j is hydrogen. 

^ is as defined for formula IB and is preferably sodium or 
potassium. 

In an anionic surfactant of the formula IC, m in preferably I, 
R t is alkyl, e.g. n-dodecyl, (lauryl), n-tridecyl, n-tetradecyl 
(myristyl), n-pentadecyl , n-hexadecyi (cetyl) , n-heptadecyl or 
n-octadecyi (stearyl), alkoxy, e.g. n-dodecyloxy (lauryloxy), 
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n-tetradecyloxy (myristyloxy) , n-hexadecyloxy (catyloxy) , or 
n-octadecyloxy (stearyloxy) , acyloxy, e.g. lauioyloxy, myrisloyloxy, 
palmitoyloxy or stcaryloxy, R 2 is hydrogen or hydroxy, R 3 is hydrogen 
or lower alkyl, e.g. methyl, R^ is lower alkyl, e.g. methyl or 
ethyl, lower alkyl substituted by acid and basic groups, e.g. carboxy 
and amino, e.g. id -amino- Cv'-carboxy-lower alkyl, e.g. 2-amino-2- 
carboxyethyl or 3-amino-3-carboxy-n-propyi, hydroxy-lower alkyl, e.g. 
2-..ydroxyethyl or 2,3-hydroxypropyl , lower alkylenedioxy-lower alkyl, 
e.g. 2,3-ethylenedioxypropyl or 2,3-(2,2-propylene)dioxypropyl, 
halo-lower alkyl, e.g. 2-chloroethyl or 2-bromoethyl, a carbohydrate 
radical of 5 to 12 carbon atoms, e.g. inositol, or a steroid radical, 
e.g. a sterol such as cholesterol, and Z® is sodium or potassium. 

An anionic surfactant of the formula IC is preferably the sodium or 
potassium salt of lysophosphatidylserine, e.g. the sodium or 
potassium salt of beef brain lysophosphatidylserine or the sodium 
or potassium salt of a synthetic lysophosphatidylserine, e.g. 
sodium or potassium 1-myristoyllysophosphatidylserine or sodium or 
potassium 1-palmitbyllysophosphatidylserine, or the sodium or 
potassium salt of lysophosphatidyl glyerol. 

In an anionic surfactant of the formula ID, R^ R 2 » R 3 and V are as 
defined for formula IC. The cation Z® is preferably sodium or 
potassium. The hydrogen atom at the phosphate group may be replaced 
by a second cation or by the magnesium ion. 

In an anionic surfactant of the formula ID, ^ is preferably alkyl, 
e.g. n-dodecyl (lauryl), n-tridecyl, n-tetradecyl (myristyl), 
n-pentadocyl, n-hexadecyl (cetyl, n-heptadecyl or n-octadecyl 
(stearyl), or alkoxy, e.g. n-dodecyloxy (lauryloxy) , n-tetradecyloxy 
(nyristyloxy) , n-hexadecyloxy (cetyloxy), or n-octadecyloxy 
(stearyloxy) , or acyloxy, e.g. lauroyloxy, myr istoyloxy , palmitoyloxy 
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or stearoyloxy , \\ 0 is hydrogen or hydroxy and R is hydrogen or 
lower alkyl, e.g. metnyl, and Z^i.s sodium or potassium. 

An anionic surfactant o£ the formula ID is in particular the sodium 
or potassium salt of a natural phosphatidic ucxd, e.g. egg 
phosphatidic acid, the sodium or potassium salt of a natural 
lysophosphat idic acid, e.g. egg lysophosphat idic acid, the sodium or 
potassium salt of a synthetic lysophosphat idic acid. e.g. 1-lauroyl- 
lysophosphat idic acid t l-myristoyllysophosnhat idic acid or 
1-palmitoy llysophoaphat idic acid. 

A lipid which is dispersed in the aqueous phase is e.g. a compound 
of the formula 



K (0) 

I II m 

R - CH - C - CH.O - P - 0 - R, (IC 1 ), 

1 2 I 2 I 

P 2 OH 



wherein m, R^ t K^ 9 R 3 and are as defined for formula IC, and R^ 

is also lower alkyl substituted by tri-lower alky lammonio, e.g. 

t rime thy lammonio, or by amino, e.g. 2-trimethy laramonioethyl (cholinyl). 

A suitable lipid is preferably a lipid of the' formula IC 1 , wherein 

is 1, Rj^ and R 2 are acyloxy, R 3 is hydrogen and R 4 is 
2-triiLiethylammoniocthyl or 2-arainoethyl . Such a lipid is e.g. a 
natural lecithin, e.g. egg lecithin or lecithin obtained from 
soybeans (R^ is 2-t r imethy lammonioethyl) , and a natural cephaiin, 
e «g* egg cephaiin or cephaiin obtained from soybeans (R^ is 2-amino- 
ethyl). 
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Further preferred lipids are synthetic lecithins (R^ - 2-tr imerhy I- 
animonioethyl) and synthetic cephalins (R /+ - 2-arainoethy I) of the 
formula IC' f wherein Kj and R 2 are identical uryloxy radicals such 



as lauroyloxy, olcoyloxy, linoyLoxy, 1 inoleoyloxy or arachinoyloxy , 
e.g. dilauroyl lecithin or cephalin, d^iyristoyl lecithin o: 
cephalin, dipalrnitoyl lecithin or cephalin, distearoyl lecithin or 
cephalin, diarachinoyl lecithin or ceohalin, dioleoyl lecithin or 
cephalin, dilinoyl lecithin or cephalin, dilinoleoyl lecithin or 
cephalin, or diarachinoyl lecithin or cephalin, R^ and R 2 are 
different acyloxy radicals, e.g. is palmitoyloxy and R 2 is 
oleoyloxy, e.g. l-palmitoyl-2-oleoyl lecithin or cephalin, R^ and R 
are identical alkoxy radicals, e.g. tetradecyloxy or hexadecyloxy , 
e.g. ditetradecyl lecithin or cephalin, or dihexadecyl lecithin 
or cephalin, R^ is alkenyl and R 2 is acyloxy, e.g. a plasmalogen 
(R^ " trimethylammonioethyl) , or R^ is acyloxy, e.g. myristoyloxy o 
palmitoyloxy, and R 2 is hydroxy, e.g. a natural or synthetic 
lysolecithin or lysocephalin, e.g. 1-myristoyl lysolecithin or 
lysocephalin or 1-palmitoyl lysolecithin or lysocephalin, and is 
hydrogen. 

A suitable lipid is also a lipid of the formula IC* , wherein m is 1 
Rj^ is alkenyl, R 2 is acylamido, R 3 is hydrogen, and R^ is a 
2-trimethylammonioethyl radical (choline radical). Such a lipid is 
known as sphingomyelin. 

A suitable lipid is furthermore a lysolecithin analogue, e.g. 
l-lauroyl-l,3-propanediol-3-phosphorylcholine, a monoglyceride, e.g 
monoolein or monomyristin, a cerebroside, a ganglioside or a 
glyceride which contains no free or etherif ied phosphoryl or 
phosphonyl groups in the 3-nosition. Such a glyceride is e.g. a 
diacylglyceride or l-alkenyl-l-hydroxy-2-acylglycer ide containing 
the indicated acyl and alkenyl groups, wherein the 3-hydroxy group 
it "herified by one of the indicated carbohydrate radicals, e.g. 
a galactosyl radical, e.g. a monogalactosy 1 glycerol. 
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Vet another suitable lipid is a nnutrai lipid which is contained 

in cell membranes and is soluble only in a polar organic solvent, 

e.g. in chloroform. Examples oi" neutral lipids are steroids such. 

as oestradiol or sterol, e.g. cholesterol, 0 sitosterol, desfAcsttrol , 

7-rke to-cholesterol or p-choles tanol , fat-soluble vitamins such as 

vitamin A, e.g. vitamin or A^p vitamin E, vitamin K such as 

vitamin or K^, or vitamin or 

The homogeneous mixture consists preferably of a surfactant of the 
formula IA, in particular N-benzyl-N,N-dimethyl-N-2-[2-(4-(l , 1,3,3- 
tetramethy lbutyI>piienoxy)ethoxy Jethylammonium chloride , N-benzyl 
N,N-dimethyl-N-2-t2-(3-methyl-4-(l 0 1 , 3 , 3-tetrame thy lbuty 1 ) phenoxy ) - 
ethoxy]ethylammonium chloride (methy lbenzethoniura chloride), n-dodecyl- 
trimethylammonium chloride or bromide, trimethyl n-tetradecyl-r 
ammonium chloride or bromide, n-hexadecyltr ime thylararaoniuin chloride 
or bromide (cetyltrimethy lammonium chloride or bromide) , triraethyl-n- 
octadecylammonium chloride or bromide , ethyl n-dodecyldimethy 1- 
ammonium chloride or bromide, ethyldimethyl-n-tetradecy lammonium 
chloride or bromide, ethyl n-hexadecyldimethylammonium chloride or 
bromide, ethy ldiroethyl n-octadecy lammonium chloride or bromide, 
n-alkyl benzy Id ime thy lammonium chloride or bromide (benzalkoniura 
chloride or bromide), e.g. benzyl n-dodecyldimethylammonium chloride 
or bromide, benzyldimethyl n-tetradecy lammonium chloride or bromide, 
benzyl n-hexadecyld ime thy lammonium chloride or bromide or beneyl- 
dimethyl-n-octadecylammonium chloride or bromide, N-(n-decyl)- 
pyrid inium chloride or bromide, N— (n— dodecyl)pyridinium chloride or 
bromide, N-(n-tetradecyl)pyr idinium chloride or bromide, N-(n-hexa- 
decyDpyridinium chloride or bromide (cetylpyr idinium chloride or 
bromide), or N-(n-octadecyl)pyridiniura chloride or bromide, or an 
anionic surfactant of the formula IB, in particular sodium or potassium 
n-dodecyl (lauryl) sulfate, sodium or potassium n-tetradecyl (rayristyl) 
sodium or potassium n-hexadecyl (cetyl) sulfate or sodium or 
potassium n-octadecyl (stearyl) sulfate, sodium or potassium 
m-dodccyloxyethyl sulfate, sodium or potassium n-tetradecy loxye thy 1 
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sulfate, sodium or potassium n-hexadexy loxyethyl sulfate of sodium 
or potassium n-octaderyloxyethyl sulfate, or an anionic surfactant 
of the formula IC, in particular sodium or potassium 2,2-di!»ethyl-3- 
palmitoyloxypropyl hydrogen phosphate, sodium or potassium 
1-palmitoyllysophosphatidyl glycerol, sodium or potassium 
l-palmitoyllysophos P hatidylserine, and a lipid of the formula IC, 
wherein ^ and R 2 are acyloxy, e.g. lauroyloxy, myristoyloxy, . 
palmitoyloxy or stearoyloxy, R 3 is hydrogen and R 4 is 2-trimethyl- 
ammonioethyl, e.g. a natural cephalin such as egg cephalin or 
cephalin or cephalin obtained from soybeans, or 2-amindethyl, e.g. 
a natural lecithin such as egg lecithin or lecithin obtained from 
soybeans. 

The surfactants and lipids containing a chiral carbon atom mentioned 
above and hereinafter may also be in the form of racemic mixtures 
or of optionally pure enantiomers. 

In the homogeneous mixture, the approximate molar ratio of anionic 
surfactant to lipid is 0.1 to 2:1, preferably 0.8 to 1.2:1. 

The homogeneous mixture, e.g. the prepared film or foam, is subse- 
quently dispersed in an aqueous phase containing the substances to 
be encapsulated, e.g. agrochemicals such as pesticides, perfumes, 
hardeners, dyes, or pharmaceutical drugs such as peptides, e.g. muramyl 
peptides, in dissolved, colloidal or suspended form, and surfactants. 

Dispersion is effected e.g. by shaking oi stirring the aqueous phase 
whxch contains the previously prepared homogeneous mixture. The 
formation of unilamellar liposomes (SUL) and (LUL) takes place 
spontaneously (spontaneous vesication) , i.e. without the additional 
supply of external energy and at a high rate. The concentration of 
surfactant, lipid and encapsulated compound can be increased until th- 
critical micelle concentration (cmc) of the particular ionic 
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surfactant in the particular aquoous phase is attained. 

Micelles are preferably formed above the critical micelle concen- 
tration. This occurrence is often detectable by the disappearance 
opalescence, e.g. clarification of the aqueous phase. The cmc is a 
variable indicating the amount of an anionic surfactant which can be 
dispersed in a specific volume of water while avoiding micelle 
formation. The structure of the hydrophobic radical of the surfactant 
influences the cmc value: the longer the chain length, the lower the 
cmc value. Voluminous substituents in the hydrophobic radical, e.g. an 
aromatic radical, also lower the cmc. Functional groups, e.g. double 
bonds which weaken the hydrophobic character of the hydrophobic 
radical, increase the cmc. The cmc is further influenced by all 
dispersed and dissolved components present in the aqueous phase, 
e.g. by counterions, additional lipids, the character of the active 
ingredient to be encapsulated etc. The cmc value can only be 
determined experimentally for the particular system, namely in- 
directly by electrochemical methods, e.g. by conductivity measurements 
or potentiometric determination of the counterions us in Z a suitable 
electrode, by measuring the transport number and the surface tension, 
by measuring colligative properties such as lowering of vapour 
pressure, lowering of the freezing point and osmotic pressure, 
measuring the density, the refractive index, the absorption of UV 
and IR light, solubilisation of soluble and insoluble dyes, light 
scattering, fluorescence polarisation and viscosity. These 
properties undergo a substantial change when the cmc is attained. 
For example, the surface tension decreases . sharply as a function of 
the concentration of the ionic surfactant until the cmc is attained, 
but remains virtually constant above the cmc. Reference is made 
in this connection to the particulars given in H. Stac'.ie, Tensid- 
taschenbuch, Manser 1981, especially on page 26, 3. 1 " "Methoden zur 
cmc-Bestimmung" and page 28, 3.2 "AbhSngigkeit de'r cmc von ver- 
schiedenen Parameters" Specific cmc values, e.g. for dodecy lpyr i- 
dinium bromide, are given by J.B. Adderson and H. Taylor, 
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.J. Colloid. Sci. 19. 495 (1964). if the cine value is exceeded, it is 
possible to lower the concentration by diluting the aqueous phase 
with water. Rcversibly unilamellar liposomes are then formed from 
the micelles. 

Aqueous phases with a pH higher than about 8 are neutralised 
following dispersion, e.g. to physiological pH 7.2. Neutralisation 
is necessary to prevent decomposition of the active ingredient 
and/or the liposomes under basic conditions and to ensure the 
physiological tolerance of the applicable aqueous phase with the 
mixture of liposomes. Neutralisation is effected with a physiologi- 
cally acceptable acid or a buffer solution with a pH of 7 to 8. 
Physiologically acceptable aicds are e.g. dilute mineral acids such 
as dilute hydrochloric acid, sulfuric acid or phosphoric acid, 
or organic acids such as lower alkanecarboxylic acids, e.g. acetic 
acid. 

Aqueous phases containing cat ionic surfactants of the formula IA 
may show acid reacts. These phases are neutralised by adding dilute 
aqueous bases, e.g. dilute aqueous NaOH or KOH or a buffer solution 
with a pH of 7 to 8. 

The process is conveniently carried out at room temperature or also 
at elevated temperature, e.g. up to about 60°C f and with stirring or 
shaking. If the limited stability of the active ingredient to be 
encapsulated requires it, the process is carried out with cooling 
and, if appropriate, in an inert gas atmosphere, e.g. in a nitrogen 
atmosphere. The liposomes so obtained are fairly stable in aqueous 
phase (up to several days). Aqueous phases containing unilamellar 
liposomes obtainable by the process of this invention can be made 
storage stable by the process described in European patent appli- 
cation 00 65 292. 



The .si -.o. of the unilamellar liposomes depends int'»r jlia'&n the 
structure of. t.he .surfactants and of the lipid components, cn the 
ratio of (he components, on the concentration of these tonoonents m 
the aqueous phase, and on the amount ami structure of the drug to be 
encapsulated. Accordingly, for example, aqueous phases containing a 
high concentration of small or large unilamellar liposomes can be 
prepared by varying the concentration of the surfactant components. 
In addition to SUL, large unilamellar liposomes (LUL, diameter up to 
50,000 A) are also formed. These encapsulate larger volumes per mole 
lipid components emDloved and are sui t,itiU f nr - 1 
voluminous substances, e.g. viruses, bacteria or cell organellae. 

The separation of SUL from LUL is accomplished by conventional 
separation methods such as gel filtration, e.g. with Sepharose 4B 
or Sephacryl as carrier, or by sedimentation of the LUL in an 
ultracentrifuge at 160,000 x g. For example , the LUL deposit after 
centrifugation for several hours, e.g. about 3 hours, in this 
gravitional field, whereas the SUL remain in dispersion and can 
be decanted. Complete separation of the LUL from the SUL is 
achieved after repreated centrifugation. 

All liposomes having a diameter greater than 600 A present in the 
aqueous phase, e.g. LUL or multilamellar liposomes, as well as 
non-encapsulated drugs and excess dispersed lipids, can also be 
separated by gel filtration, so making It possible to obtain an 
aqueous phase containing a fraction of SUL of relatively uniform 
size. 

After the separation of large uni lame llai: liposomes (LUL) and multi- 
lamellar liposomes by one of the above methods, the formation of 
small unilamellar liposomes and their concentration in aqueous phase 
can be detected by different physical methods, e.g. by applying 
freeze fracture samples and thin layer Niunples to the electron 



microscope or by X-ray diffraction, by dynamic light scattering, by 

mass analysis oC the filtrate in an analytical u 1 tuacentr i f uge , in 

particular by spectroscopy, e.g. in the nuclear resonance spectrum 
113 31 

(NMR) ( H, C and P) . For example, sharp signals of narrow line 
within the nuclear resonance spectrum indicate the formation of 
unilamellar liposomes with a diameter smaller than about 1000 A. 
Sharp signals at 4 c . 0.89 ppm (-CH^) , cf c. 1.28 ppra (-CH 2 ~) and 

- c 3.23 ppm (-NCCH^)^) are characteristic e.g. of unilamellar 
liposomes obtained by the process of this invention with phosphatidyl 
choline as constituent. In the nuclear resonance spectrum, such 
signals are typical of unilamellar liposomes and differ from mixed 
micelles, e.g. from phospholipids such as lecithin, and surfactants 
such as cetyl tr ime thy 1 ammonium bromide. A methyl signal at tf c . 
0.89 ppm is characteristic of mixed micelles with these components, 
which signal is resolved to a triplet and has a substantially 
narrower line width than the methyl signal (singlet; also <f c. 
0.89 ppm) which originates from unilamellar liposomes. . 

The liposomes obtainable by the process of this invention 
(SUL and LUL) are suitable carrier systems which, in aqueous phase, 
may be used for solubilising 1 ipophilic substances, e.g. fat-soluble 
dyes, for stabilising substances which are sensitive to hydrolysis, 
e.g. prostaglandins, for encapsulating pesticides, e.g. for 
modifying the activity spectrum of dichlorphos, for encapsulating 
food additives, e.g. to modify the adsorption properties of vitamins 
or dyes, or for introducing encapsulated drugs, enzymes, antibodies, 
hormones, genes, viruses, vitamins or cell organellae into the cells 
of a cell culture. 

Aqueous phases which contain the liposomes obtainable by the process 
of the invention with encapsulated durgs are delivery systems which 
are suitable, optionally after concentration or isolation of the 
liposomes, e.g. by ultracent r if ugat ion , for therapeutic purposes for 
oral (p.o.), parenteral (i.v. or i.p. ) or topical administration. 
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in <,:al administration, 1 iposomc-bascd delivery systems can protect 
a drug, e.g. insulin, which is unstable in the digestive 'tract, or 
improve its resorption. For or^l administration, the iiposomc- 
containing aqueous phase can bs mixed with pharmaceutical^ acceptable 
diluents or carriers or with conventional additives such as dyes or 
flavourings, and administered as a syrup or in the fon„ of capsules. 

For parenteral administration, liposome-bascd delivery systems can 
prolong the retention time e.g. of desferrioxamin (q.v. R.A. 

GUilemette St Lif Sci ' 22 313-320. 1973) or gentamycin 

(q.v. W.M. Scheld et al., Clin. Res. 26, No. 1, 59 A, 1978), in an 
organism. The retention time of entrapped chelating agents, e.g. 
EDTA Cetuylenediamintetraacetic acid), in organisms is prolonged in 
the same manner, so that heavy metals can be removed by chelation 
especially from the liver, spleen or kidneys ( q . v . Rahmann et al ./ 
Science, Vol. 180. 300-302, 1973, and J. Lab. Clin. Med. 640-647, 
1974). With liposome-based delivery systems it is possible to enrich 
drugs in the myocardium ( q .v. Landesmann et al., Science, Vol. 198, 
737-738, 1977). It is possible to enrich ant if lavatory drugs, e.g' 
Cortisol (q.v. Nature 271. No. 5643, 372-73, 1978) or protease 
inhibitors (q.v. Anal. Bibchetn. 89. No. 2, 400-07, 1978) in the 
synovial fluid, and cytostatic drugs in tumour tissue (q.v. the 
article entitled "Liposon.es - Problems and promise as selective drug 
carriers" by Stanley B. Kaye in Cancer Treatment ' Reviews 8. 27-50 
1981, and the many references cited therein). Many chemotherapeutlc 
drugs employed in cancer therapy are le*s toxic and better tolerated 
if they are encapsulated in liposomes, e.g. liposome-encapsulated 
Actxnomycin D (q.v. Rahmann et al., Proceedings of the Society for 
Experimental Biology and Medicine 146. 1173-1176. 1974) 
Methotrexate (q.v. L.D. Lasermann et al.. Proc. Natl. Acad. Sci 
77. No. 7, 4089-93. 1980), vinblastin. Daunomycin or cytosin- 
arabincside ( q . v . Muhlensiepen et al., Cance. Res. 41 No 5 
1602-07, 1981). Liposomes can be used for introducing e.g. e Lymes, 
peptide hormones, genes or viruses into the , yt o P la,,„a of cell, in 



living organisms, e.g. for introducing asparaginase (q.v. the 
article entitled "The Introduction of enzymes into cells by mci-ns of 
liposomes" by M. Finkelstcin and C. Weissmann in J. Lipid Research, 
Vol. 19, 1978, 289-303), of amyloglucos idase (q.v. C, Cregorir*dis and 
B.E. Ryman, Eur. J. Biochera. 24 'Li72), 485-491, or neuronidase 
(q.v. Cregoriadis et al., Biochem. J. (1974) 140, 232-330), for 
bonding specific detection molecules, e.g. monoclonal antibodies, 
for specific introduction into defined target cells (q.v. Lesermann 
et al., Nature 292 (5829), 226-228, 1981), f or immunost imulat ion as 
adjuvant for inoculations, e.g. against leishmaniasis (q.v. New, 
R.R.C. et al., Nature 272 (5648) 55-56, 1978), or for the induced 
release of drugs by signals such as temperature increases, e.g. in 
inflamed tissue, or changes in pH values. For parenteral administra- 
tion, the concentrated or isolated liposomes can be suspended in a 
suitable carrier liquid, for example in sterile distilled water or in 
physiological sodium chloride solution. 

Preparation of the homogeneous layer of lipid components 

The homogeneous layer of lipid components can be prepared in a manner 
which ir known per se. For example, the surfactant of the formula IA, 
e.g. cetylpyridinium chloride, and the lipid, e.g. egg lecithin, 
optionally in admixture with a lipophilic active ingredient, e.g. a 
protein which is encapsulated during the formation of the liposome in 
the lipid layer, is dissolved in an organic solvent. A homogeneous 
layer of lipid components consisting of a film is obtained by 
removing the organic solvent, most conveniently in vacuo or by 
blowing off with an inert gas, e.g. nitrogen. 

The choice of solvent depends on the solubility of the particular 
lipid components therein. Examples of suitable solvents are: 
h*l^£cuated, aliphatic, cycloaliphatic, aromatic or aromatic- 
aliphatic hydrocarbons, e.g. benzene, toluene, methylene chloride or 
chloroform; alcohols, e.g. methanol or ethanol; lower alkane- 
carboxy Icto.s , e.g. ethyl acetate; ethers, e.g. diethyl ••tlu-r, dioxan 
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or tetrahydrof uran; or mixtures of these solvents. 

A homogeneous mixture can be prepared by the manner described in 
Cerman Auslcgeschrif t 28 18 655 by lyophilipation from organic 
solution. The homogeneous layer is obtained as a foam. 

The ionic surfactants mentioned in the description, e.». the cationic 
surfactants of the formula IA and the anionic surfactants of the 
formula IB are known. The preparation of these surfactants is 
described in the standard work "Cationi.: Surfactant*" by Eric 
Jungermann, Dekker, New York 1970. The annually published handbook 
"McCutcheon's Emulsifiers & Detergents", Manuf actui ing 
Confectioner Publishing Co., provides a survey of all commer- 
cially available anionic and cationic surfactants together with the 
trade names under which these surfactants are marketed by the 
manufacturers. The surfactants of the formulae IB and IC are known 
or, if novel, can be prepared in a manner known per se in accordance 
vith t.ie particulars given in Chapter 3 of the standard work by 
C.G. Knight, Liposomes, Elsevier 1981. The lipids referred to 
hereinbefore are known and roost are commercially available. 

The following Examples illustrate the invention, without implying 
any restriction to what is disclosed therein. Chemical displacements 
(</ ) in the NMR spectrum are indicated in ppm. 

Example 1; 10 mg of egg lecithin and 0.05 g of cetylrvitnethy lammonium 
bromide are dissolved in 2 ml of a 2:1 mixture of chlorof orm/me^anol 
and this solution is concentrated in vacuo by rotary evaporation. 
Unilamellar liposomes are formed by dispersing the film-Like > tsidue 
at room temperature in 1 ml of water by shaking for 5-LO minutes; 
A slightly opalescent aqueous phase is obtained. 
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The formation of small unilamellar liposomes can be detected in the 
NNR srcctriim by the signals </ « 1.28 (methylene), *f ■ 0186 
(methyl) and J - 3.25 (-NCCH^). 

The unilamellar liposomes so obtained can be made visible in an 
electron microscope. The liposome dispersion is first subjected to 
conventional f recze-f race ure . There are obtained mainly two 
"populations" of liposomes, which differ in their average size: 

1. small unilamellar liposomes (SUL) with a diameter of about 

o 

2 DO -6 00 A and 

2. large unilamellar liposomes (LUL) with a diameter of about 
" 1000- 10 ,000 A. 

Exempt e 2; Following the procedure of Example l t 10 dig of egg 
lecithin and an increasing amount of cety Itrimethylammonium bromide 
(CTAB, see table 1) are dissolved in 2 ml of a 2:1 mixture of 
chlorofonn/methanol . The solution is concentrated and the residue 
is dispersed in water to give an opalescent aqueous phase which 
consists of small (SUL) and large (LUL) unilamellar liposomes. 

Table I : 

Experiment Concentration Yield of SUL 





CTAB [e/1] 


17.) 


1 


0.1 


10 


2 


0.2 


10 


3 


0.5 


10 


4 


1.0 


10 


5 


2.0 


12 


6 


5.0 


14 


7 


7.0 


20 


8 


10. 0 


40 


9 


15.0 


70 
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Example 3: In each experiment, 10 mg o£ egg lecithin and an in- 
creasing amount of cetylpyr idinium chloride (CPC, see Table 2) or 
benzalkonium chloride (BAS P see Table 3) are dissolved in 2 ml of u 
3:1 mixture of chloroform/toe thanol. The solution is concentrated in 
vacuo and the residue is dispersed in 1 ml of water by shaking for 
5-10 minutes to give an opalescent aqueous phase which consists of 
small (SUL) and large (LUL) unilamellar liposomes. 



Table 2: 



Experiment 


Concentration 


CPC 


[g/1] 


Yield of 


1 


1.0 






10 


2 


1.5 






15 


3 


2.0 






20 


4 


2*5 






20 


5 


3.0 






25 


6 


3.5 






30 


Table 3: 










Experiment 


Concentration 


BAC 


ts/iJ 


Yield of 


I 


0.5 






2 


2 


1.0 






5 


3 


2.0 






5 


4 


3.0 






10 


5 


5.0 






15 


6 


10.0 






60 



Example A: In each experiment, 10 mg of egg lecithin and an 
increasing of Texapon N 25 w (sodium lauryl ether sulfate, sec 
Table 4), octadecyiphospho-D-raannitol (0?M, see Table 5) or sodi 
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dodecyl sulfate (SDS, see Table 6) are dissolved in 2 ml of a 
2:1 mixture of chlorofornv^nethanol . The solution is concentrated i„ 
vacuo and the residue is dispersed in 1 ml of water by shaking for 
5-10 .mutes to give an opalescent aqueous phase which consists of 
small (SUL) and large (LUL) unilamellar liposomes. 

Table 4: 



Experiment 

i 

2 
3 
4 

Table 5; 
Experiment 

1 
2 
3 



Concentration Texapon N 25 [g/1] Yield of SUL (%) 



1.0 
2.0 
3.0 
4.0 



Concentration 0PM fg/1] 



1.0 
2.0 
3.0 



2 
5 
5 
10 



10 
15 
20 



Table 6; 
Experiment 



1 
2 
3 
4 
5 
6 
7 
8 
9 



Concentration 0PM [g/1] 



Yield of SUL [Z] 



1.0 




5 


2.0 


8 


3.0 


10 


4.0 


12 


5.0 


15 


6.0 




15 


7.0 


20 


8.0 


30 


9.0 


35 
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Example 5j_ A total amount of 10 mg containing the amount indicated i.n 
Table 3 of sodium 2 , 2-dimethy 1-3-palmitoyloxypropyl hydrogen 
phospWe (Table: 7), sodium l-paluiUoyllysophalidyl glycerol (Table 8) 
and sodium i-palmitoyllysophosphatidylserine (Table 9) and the 
corresponding amount of egg lecithin (lipid) are dissolved in 1 ml 
of a 2:1 mixture of chloroform/methanol and the solutiou is concentra- 
ted by rotary evaporation. The film-like residue is then dispersed 
in 1 ml of distilled water and the dispersion is neutralised with 
0.1N sodium hydroxide solution. An opalescent aqueous phase is 
obtained. 



Table 7: 



Experiment Concentration Surfactant [g/1] Yield of SUL [Z] 



1 


0.5 


7 


2 


1.0 


13 


3 


1.5 


. 19 




2.0 


23 


5 


2.5 


26 


6 


3.0 


30 


7 




37 


8 


5.0 


60 


9 


6.0 


83 


10 


7.0 


90 


11 


8.0 


95 


12 


9.0 


100 


13 


9.5 


100 
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Table 8: 



Experiment 



Concentration Surfactant [g/1] Yield of SUL [%] 



1 


1.0 


6 


' 2 


1.5 


10 


3 


2.0 


15 


4 


2.5 


17 


5 


3.0 


20 


6 


3.5 


25 


7 


4.0 


27 


8 


4.5 


30 


9 . 


5.0 


33 


10 


6.0 


40 



Table 9: 



Experiment 



Concentration Surfactant [g/1] Yield of SUL [Zj 



1 
2 
3 
4 
5 
6 



1 
2 
3 
4 
5 
6 



5 
8 
13 
18 
20 
25 



Example 6; 3 mg of one of the surfactants listed in Table 10 and 
7 mg of egg lecithin (lipid) are dissolved in 1 ml of a 2:1 mixture 
of chloro form/me thanol and the solution is concentrated. The film- 
like residue is dispersed in 1 ml of water and the dispersion 
is neutralised with 0.1N NaOH. An opalescent aqueous phase is 
obtained. 
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Yield [X SUL] 



2- hydroxyethyl-3-palmitoyloxypropyl phosphate 20 
2,2~dimethyl-3-palmitoyloxypropyl hydrogenphosphate 50 

3- cetyloxypropyl -2-hydroxyethyl phosphate 29 

2- bromoethylcetylphosphate 30 
n-eicosyl-2,3-(2 ,2-propylene)dioxypropyl phosphate 18 

3- stearyloxypropylhydrogen phosphate 8 
2,3-dihydroxypropylmyristyl phosphate 34 
3-cetyloxypropylhydrogen phosphate 19 
2,3-dihydroxypropyl-n-eicosyl phosphate 8 
cetyl 2,3-dihydroxypropyl phosphate 25 
methyl 3-stearoyloxypropyl phosphate 45 



Example 7: 20 mg (0.026 mmole) of soybean lecithin, 1 mg (0.76 umole) 
of N-acetylmuramyl-L-alanyl^-Q' ^'-dipalmitoyl-sn-glycero-S 
phdsphoryDethylamide and 5 mg of n-hexadecylpyridinium chloride 
are dissolved in 2 ml of a 2:1 mixture of chlorof orm/methanol and 
the solution is concentrated by rotary evaporation. The film-like 
residue is shaken for 5 minutes in 3 ml of distilled water to give 
an opalescent aqueous phase. The aqueous dispersion is then buffered 
with 0.2 ml of a 10-fold concentrate of a phosphate-buffered isotonic 
solution of sodium chloride (FBS for injection purposes) to pH 7.4. 

Example 8: 30 mg (0.04 mmole) of soybean lecithin, 2 mg (0.004 mmole) 
of flumethason 21-pivalate and 8 mg (0.002 mraole) of n-hexadecyl- 
pyridinium chloride are dissolved in 2 ml of a 2:1 mixture of 
chlo ro form/hie thano 1 and the solution is concentrated by rotary 
evaporation. The film- like residue is shaken for 5 minutes in 3 ml 
of distilled water to give an opalescent aqueous phase. The aqueous 
dispersion is then buffered to pH 7.4 as described in Example 7. 



Table 10: 
Surfactant 
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Z™?£le_2± 30 mg (0.040 mmole) of soybean lecithin and 15 nv '0 042 
mmole) of Lane.Ute E (sodium stearyl or paimityl salfa'.^ are 
dissolved in 8 ml of a 4:1 mixture ot Cert . -butanol/taethanol at 70°C 
and the solution is concentrated in vacuo. The film-like residue 
is shaken for 5 minutes in 3 ml of distilled water to give an 
opalescent aqueous phase which is buffered to P H 7.4 as described in 
Example 7. 

Example 10: 20 mg (0.026 mmole) of soybean lecithin, 1 mg (0.76 mmole) 

of N-acetylmuramyl-L-alanyl-2-(l',2'-dipalraitoyl- S n-glycero-3 , -phos- 
phoryDethylaraide and 10 mg of (0.028 mmole) of Lanette E ® are 
dissolved in 6 ml of 4:1 mixture of tert-butanol/methanol and the 
solution is concentrated by rotary evaporation. The film-like 
residue is shaken for 5 minutes in 2 ml of distilled water to give 
an opalescent aqueous phase. The aqueous dispersion is filled into a 
stirred ultrafiltration cell (Amicon®), which, instead of the 
ultrafilter, is provided with an even pore filter of polycarbonate 
(Nucleopore^ which has a pore diameter of 0.1 urn, and has been 
washed free of particles. The dispersion is filtered under slight 
overpressure and with constant addition of Dulbecco's sterile 
buffer solution (pH 7.4 without Ca and Mg) so that the volume in the 
cell does not decrease to less than 30 ml. After the passage of 0.3 
litre of filtrate, all the SUL are separated and the supernatant 
dispersion of LUL can be filled into ampoules and used for treatment 
assays. 

Example 1 ^ 30 mg (0.04 mmole) of soybean lecithin, 4 mg (0.081 mmole) 
of flumethason 21-pivalate and 10 mg (0.028 mmole) of Lanette E®are 
dissolved in 6 ml of a 4:1 mixture of tert-butanol/methanol at about 
70°C and the solution is concentrated by rotary evaporation. The 
film-like residue is shaken in 3 ml of distilled water to give an 
opalescent aqueous phase. 
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The dispersion is filled into a stirred filter cell (total volume: 
100 ml ) as described in Example 10 and then filtered, while adding 
sterile water which has been filtered until free of pari-icles, until 
500 ml of filtrate have collected. This filtrate is fed continuously 
into a ; stirred filter cell equipped with an ultrafilter, *».g. 
Amicon U 10®, and then concentrated to a volume of 30 ml. The 
concentrated .dispersion contains small unilamellar liposomes and, 
after addition of Dulbecco's phosphate buffer (pH 7.4, without Ca 
and Mg), is filled into ampoules and used for treatment assays. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 
?fr&at xj^gfcadxrce&xfeggx x 

1. A process for the preparation of unilamellar liposomes in aqueous 
phase, which comprises dispersing a homogeneous mixture of an anionic 
surfactant and a lipid, in aqueous phase, at a concentration lower than 
the critical micelle concentration (cmc) of the surfactant in the 
particular phase and, if necessary, neutralising the aqueous phase so 
obtained and, if desired, enriching and/or separating the resultant 
unilamellar liposomes* 

2. A process according to claim 1, which comprises dispersing a 
homogeneous mixture of an anionic or cationic surfactant. 

3. A process according to claim 2, which comprises dispersing a 
homogeneous mixture of a cationic surfactant of the formula 



R 
. a 



(IA), 



c 



wherein R a is an unsubstituted or substituted hydrocarbon radical, R^ 
is lower alkyl, phenyl-lower alkyl or hydroxy, R £ and Rj are lower 
alkyl, or and R c » together ■ with the nitrogen atom to which they 
are attached, form an aliphatic heterocyclic ring system which may 
be substituted at a carbon atom, and R d is lower alkyl, or R^» R 
and R d , together with the nitrogen atom to which they are attached, 
form an aromatic heterocyclic ring system, and is an anion, 
and a lipid. 

4. A process according to claim 3, which comprises dispersing a 
homogeneous mixture of N-benzyl-N,N-dimethyl-N-2-[2- 
(4-(l,l,3,3-tetramethylbutyl)phenoxy)ethoxy]ethyl- 



- 35 - 



ammonium chloride, N-benzyl N,N-dimethyl-N-2-[2-(3-methyl-4-(l , 1,3,3- 
tetramethylbutyl)phenoxy)ethoxy]ethylammonium chloride (methyl- 
benzethoniura chloride), n-dodecyltrimethyUmmnnium chloride or bromide, 
trimethyl n-tetradecylammonium chloride or bromide, n-hexadecyl- 
trimethylammonium chloride or bromide (cetyltrimethylammonium chloride 
or bromide), trimethyl n-octadecylammonium chloride or bromide, ethyl 
n-dodecyldimethylammonium chloride or bromide, ethyldimethyl n-tetra- 
decylammonium chloride or bromide, ethyl n-hexadexyldimethylammonium 
chloride or bromide, ethyldimethyl n-o c t ad ecyl ammonium chloride or 
bromide, n-alkyl benzyldimethylammonium chloride or bromide (benz- 
alkonium chloride or bromide), e.g. benzyl n-dodecyldimethylammonium 
chloride or bromide, benzyl n-hexadecyldimethylammonium chloride or 
bromide or benzyldimethyl n-octadecylammonium chloride or bromide, 
N-(n-decyl)pyridinium chloride or bromide, N-(n-dodecyl)pyridinium 
chloride or bromide, N-(n-tetradecyl)pyridinium chloride or bromide, 
N-(n-hexadecyl) P yridinium chloride or bromide (cetylpyridinium 
chloride or bromide), or N-(n-octadecyl)pyridinium chloride or bromide, 
or a mixture of these surfactants, and a lipid. 

5. A process according to claim 2, which comprises dispersing a 
homogeneous mixture of an anionic surfactant 

a) of the formula 

l V (O " A) m" B] ° Z0 (IB) 

wherein R & is an unsubstituted or substituted hydrogen radical, A 
is lower alkylene, m is 0 (direct bond) or L, B is the sulfonate or 
sulfate group and a monovalent cation, or 

b) a compound of the formula 



(0) 

I . II m 



R r CH 2~ C ~ CH 2~°" P ~ 0 " R 4 ^ (IC) , 

1 'o 

R 2 0 W 
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wherein in is O or 1, one of and R 2 is hydrogen, hydroxy or lower 

C^-C^alkyl, and the other is alkyl, alkenyl, alkoxy, alkenyloxy or 

acyloxy, each of 10 to 20 carbon atoms, R^ is hydrogen or lower 

C,-C, alkyl, and R, is unsubs tituted or substituted lower C -C.alkyl, 
1h A 1/ 

a carbohydrate radical of 5 to 12 carbon atoms or, if both R and R 
are hydrogen or hydroxy, is a steroid radical, and 7r is a monovalent 
cation, or 

c) a compound of the formula 

R 3 0 

I " & 

R - CH - C - CH - 0 - P - OH (ID), 

' '0 
R 2 0 



lipid. 



wherein R, , R„, R^ and are as defined for formula (IC) , and a 



6. A process according to claim 5, which comprises "dispersing a 

homogeneous mixture containing an alkali metal alkyl sulfate 

(m * 0), e.g. sodium or potassium n-dodecyl (lauryl) sulfate, 

sodium or potassium n-tetradecyl (myristyl) sulfate, sodium 

or potassium n-hexadecyl (cetyl) sulfate or sodium or potassium 

n-octadecyl (stearyl) sulfate, an alkali metal alkyl ether sulfate 

(m = 1), e.g. sodium or potassium m-dodecy loxyethyl sulfate, sodium 

or potassium. n-tetradecyloxyethyl sulfate, sodium or potassium 

n-hexadecy loxyethyl sulfate or sodium or potassium n-octadecyloxycthyl 

sulfate, or an alkali metal alkane sulfonate, e.g. sodium or potassium 

n-dodecane sulfonate, sodium or potassium n-tetradecane sulfonate, 

sodium or potassium n-hexadecane sulfonate or sodium or potassium 

n-octadecane sulfonate, the sodium or potassium salt of lyso- 

phosphatidylserine, e.g. the sodium or potassium salt of beef brain 
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lysophosphatidylserine or the sodium or potassium salt of a 
synthetic lysophosphatidylserine, e.g. sodium or potassium 
1-myristoyl lysophosphatidylserine or sodium or potassium 1-palmitoyl- 
lysophosphat idylser ine, or the sodium or potassium salt of lyso- 
phosphat idylglycerol , the sodium or potassium salt of natural 
phosphatidic acid, e.g. egg phosphatidic acid, the sodium or 
potassium salt of a natural lysophosphatidic acid, e.g. egg lyso- 
phosphatidic acid, the sodium or potassium salt of a synthetic 
lysophosphatidic acid, e.g. 1-lauroyllysophosphatidic acid, 1-myristoyi- 
lysophosphatidic acid or 1-palmitoyllysophosphatidic acid, or a 
mixture of these surfactants and a lipid. 

7; A process according to any one of claims 1 to 6, wherein the lipid 
is a compound of the formula 

K (o) 
i ii m 

R l ~ CH 2 " C " CH 2° " P " 0 " R 4 (IC), 
R 2 OH 

wherein m, R. , R 0 , R. and R, are as defined for formula IC and R, is 
also lower- alky 1 substituted by tri-lower alkylamraonio or amino. 

8. A process according to claim 7, wherein the lipid is preferably a 
natural lecithin, for example egg lecithin or lecithin obtained from 
soybeans (R4 » 2-trimethy lammonioethyl) , a natural cephalin, for 
example egg cephalin or cephalin obtained from soybeans (R^ - 2-araino- 
ethyl) , a synthetic lecithin (R^ = 2-trimethylammonioethyl) or a 
synthetic cephalin (R^ «= 2-aminomethy 1) of the formula IC 1 , 
wherein R^ and R^ are identical acyloxy radicals such as 
lauroyloxy, oleoyloxy, linoyloxy, linoleoyloxy or araohinoyloxy , . 
e.g. dilauroyl lecithin or cephalin, dimyristoyl lecithin or 
cephalin, dipalmitoyl lecithin or cephalin, distearoyl lecithin or 
cephalin, d i.arachinoy 1 lecithin or cephalin, dioleoyl lecithin or 
cephalin, dilinoyl lecithin or cephalin, dilinoleoyl lecithin or 
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cephalin, or diarachinoyl lecithin or cephalin, Rj and R 2 are 
different acyloxy radicals, e.g. R J is palmitoyloxy and R 2 is 
oleoyloxy, e.g. l-palmitoyl-2-oleoyl lecithin or cephalin, and d 2 
arc identical, alkoxy radicals, e.g. tetradecyloxy or hexadecyloxy , 
e.g. ditetradecyl lecithin or cephalin, or dihexadecyl lecithin 
or cephalin, ^ is alkenyl and R 2 is acyloxy, e.g. a plasmalogcn 
(R4 = trimethylaramonioethyl), or R^ is acyloxy, e.g. rayr istoyloxy or 
palmitoyloxy, and R 2 is hydroxy, e.g. a natural or synthetic 
lysolecithin or lysocephalin, e.g. l-rayristoyl lysolecithin or 
lysocephalih or 1-palinitoyl lysolecithin or lysocephalin, and R 3 is 
hydrogen. 

9. A proces.< according t\ any one of claims 1 to 8, which comprises 
dispersing a homogeneous mixture of a surfactant of the formula IA, 
in particular N-benzyl N,N-di:nethyl-N-2-[2-(4-(l , l , 3,3- 
tetramethylbutyl)phenoxy)ethoxy]ethylainmonium chloride, N-benzyl 

N.N-dimethyl-N-Z-lZ-CS-methyl-A-Cl.l.l.a-tetramethylbutyDphenoxy)- 
ethoxyjethylammonium chloride (methylbenzethonium chloride), n-dodecyl- 
trimethylanraoniura chloride or bromide, trimethyl n-tetradecyl- 
ammonium chloride or bromide, n-hoxadecyltrimethylammoniura chloride 
or bromide (cetyltrimethylaramonium chloride or bromide), trimethyl-n- 
ocvadocylammonium chloride or bromide, ethyl n-dodecyldimethyl- 
ammonium chloride or bromide, ethyldimethyL-n-tetradecylammonium 
chloride or bromide, ethyl n-hexadecyldiraethylammonium chloride or 
bromide, ethyldimethyl n-octadecylammonium chloride or bromide, 
n-alkyl benzyldimethy lammonium chloride or bromide (benzalkonium 
chloride or bromide), e.g. benzyl n-dodecyldimethy lammonium chloride 
or bromide, benzyloimethyl n-tetradecylamroonium chloride or bromide, 
benzyl n-hexadecyldimethylammonium rhloride or bromide or lenzyl- • 
dimethyl-n-octadecylammonium chloride .?r bromide, N-(n-decyl)- 
pyridinium chloride or bromide , N-(n-dodec,i )pyridinium chloride or 
bromide, N-(n-tetradecyl)pyridiniuro chloride or bromide, N-(n-hexa- 
decyDpyridinium chloride or bromide (cetylpyridinium chloride or 
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bromide), or N- (n-octadecy 1) pyr idinium chloride or bromide, or an 
anionic surfactant ot the formula IB, in particular sodium or potassium 
n-dodecyl (lauryl) sulfate, sodium or potassium n-tetradecyl (myr istyl) 
sodiun or potassium n-hexadecyl (cetyl) sulfate or sodium or 
potassium n-octadecyl (stearyl) sulfate, sodium or potassium 
m-dodecyloxyethyl sulfate, sodium or potassium n-tetradecy loxyethy 1 
sulfate, sodium or potassium n-hexadexy loxyethy 1 sulfate or sodium 
or potassium n-octadecyloxyethyl sulfate, or an anionic surfactant 
of the formula IC, in particular sodium or potassium 2, 2-dicethyl-3- 
palmitoyloxypropyl hydrogen phosphate, sodium or potassium 
l^palmitoyllysophosphatidyl glycerol, .odium or potassium 
1-pplmitoyllysophosphatidylseri.ne, and a lipid of the formula IC 1 , 
wherein ^ and R 2 are acyloxy, e.g. lauroyloxy, myristoyloxy , 
palmitoyloxy or stearoyioxy, R 3 is hydrogen and is 2-trimethyl- 
ammonioethyl, e.g. a natural cephalin such as egg cephalin or 
cephalin or cephalin obtained from soybeans, or 2-aminoethyl, e.g. 
a natural lecithin such as egg lecithin or lecithin obtained from 
soybeans . 

10. A process according to any one of claims 1 to 9, which comprises 
dispersing a homogeneous mixture of a surfactant and a lipid according 
to claim 9, and a pharmaceutical drug. 

11. A process according to any one of claims 1 to 10, which comprises 
dispersing a homogeneous mixture of an anionic surfactant of the 
formula IB, egg lecithin and a muramyl peptide. 

12. A process according to any one of claims 1 to 10, which comprises 
dispersing a homogeneous mixture of a cationic surfactant of the 
formula IA, soybean lecithin and a muramy7 peptide. 
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13. A process according to claim 12, which comprises dispersing a 
homogeneous mixture of n-hexadecy Ipyr idiniura chloride, soybean 
lecithin and N-acety Imuraniy 1-L-nlany l-2-( 1 1 p 2 * -d ipalmitoy 1-sn- 

gl ycero -3 ? -phosphor yl)e thy lamide o 

14. A. delivery system based on liposomes for encapsulated N^acetyl- 
muramyl-L-alanyl-D-isoglutarayl-L-alanyl-2-(l * v 2 1 -d i palmitoyl-sn- 
glycero-3 1 -phosphoro)ethy lamide p prepared by the process as claimed 
in claim 1. - 

15. A pharmaceutical composition containing a delivery system based 
on liposomes for encapsulated drugs as claimed in claim 14, in 
combination with pharmaceut ical ly acceptable adjuvants, 

16. A delivery system according to claim 14 for use in the 
treatment of humans or animals « 

17. A pharmaceutical composition according to claim 14 for use in the 
treatment of humans or animals. 

18. A method of treating diseases in humans or animals, which 
comprises the use of a delivery system as claimed in claim 14 o 

DATED , this 27th day of July 1983* 
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